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FOREWORD

This research has been performed under Work Unit Number WR4-0850 (Shipboard
Manning and Automation — Ship Demonstration) in support of the David W. Taylor Naval
Ship Research and Development Center’s (DTNSRDC) Shipboard Manning and Automation
Project (Exploratory Development Task Area SF555 25 212).

The project was an outgrowth of the Chicf of Naval Operations (CNO) Pilot Program
for Reduced Bridge Personnel, initiated in September 1972 in response to CNO/VCNO Action
Sheet 333-72 of 13 June 1972. It is one of a series of 6.2 research and development programs
with direct laboratory funding to DTNSRDC (Code 2784) from the Chief of Naval Material

(MAT-03

P). The Navy Personnel Research and Development Center’'s (NAVPERSRANDCEN)

rescarch effort began as part of the joint Fleet/Laboratory team established in June 1972 to
investigate reduced bridge manning. This research represents a continuing effort to support
the Shipboard Manning and Automation Project Office at DTNSRDC, Annapolis.

The cooperation and assistance of the following persons are gratefully acknowledged:
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LCDR Steve Kmetz, USN of COMCRUDESGRUTWO/Destroyer Development
Group and Messrs. Henry DeBow and Jack Burwell of the Planning Research
Corporation, who developed aspects of the test plan, prepared the Ships Facilities
Maintenance Organization, and Regulation Manual, coordinated shipboard in-
stallations, and collected field data.

The staff and crew of USS LAFFEY (DD 724) and USS AYLWIN (FF 1081),
who provided hospitality and useful preliminary information.

The officers and crew of USS TRIPPE (FF 1075), the test ship, whose coopera-
tion and receptive attitudes were vital to the success of this investigation.

Messrs. Mike Heffron and Chiuck Bogner, both of the Naval Ship Engineering
Center, and Mr. Norman Hatfield of DTNSRDC, who were instrumental in furn-
ishing much needed information on habitability and standards for materials.

CDR P. Bryan, RN, British Naval Staff, Washington, D.C., who provided valuable
assistance to this effort by furnishing technical information concerning ship hus-
bandry in the Royal Navy.

The personnel of HMS SULTAN, the ship husbandry training center of the Royal
Navy, Gossport, Hampshire, who contributed a large body of data and materials
which have been instrumental in structuring various portions of this study pro-
gram,

Capt. T. Barry, USN, Naval Sea Systems Command Technical Representative,

Bath, England, who secured data for this study through the Ministry of Defense,
Bath,

CDR J. Dachos, USN, former Project Officer, Shipboard Manning and Automa-
tion Project, DTNSRDC; Mr. J. Corder, Program Manager; and LCDR P, McCammon,
USN, current Project Officer, DTNSRDC, who provided guidance and innovative
ideas to this study program.




9.  Mr. R. Sniffin, NAVPERSRANDCEN, who assisted in the analysis and interpre-
tation of the attitude and motivation data.

10.  The staffs and crews of the following ships:

J.J. CLARKIN

Commanding Officer

USS TRIPPE (FF 1075)
USS BLAKELY (FF 1072)
USS BROWN  (FF 1089)
USS HEWES (FF 1078)
USS BOWEN (FF 1079)
USS PHARRIS (FF 1094)
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SUMMARY

PROBLEM

Facilities maintenance (FM), as currently performed by ship’s force, requires a con-
siderable expenditure of man-hours and material resources. Problems concerning training,
motivation, organization, equipment/materials and procedures prevent FM from being per-
formed efficiently. Consequently, manpower expenditures are excessive; cost to the Navy

is increased; shipboard cleanliness, appearance, and condition are degraded; and morale and
motivation are reduced.

OBJECTIVE

The objective of this siudy was to devise, demonstrate, and evaluate methods of re-
ducing shipboard FM man-hour expenditures while improving ship readiness and condition.

APPROACH

Concepts generated for solving current problems fell into the following three cate-
gories: (1) manpower organization and information management, (2) training and technical
information support, and (3) FM equipment/materials and environmental improvements.
Specific concepts included: (1) establishment of a specialist FM team, (2) consolidation of
FM tasks, (3) development of an information management and work scheduling system, (4)
acquisition and use of a variety of new FM materials and equipment, and (5) development
and administration of an audiovisual FM training program.

An implementation and test plan was developed, which included a variety of mea-
surement devices such as skill/knowledge and attitude/motivation *ests and subjective rating
forms for shipboard cleanliness and appearance. FM innovations were implemented aboard
USS TRIPPE (FM 1075) (the test ship), an FM team was selected, and data collection began.
At the end of the study, data gathered was analyzed and reported.

RESULTS

l.  FM man-hours were reduced from 20 to 40% due to FM innovations.

2. Spaces maintained by the FM team were generally rated as satisfactory or
better with respect to overall appearance and cleanliness.

3. FM skill/knowledge of FM members increased.
Job attitude and motivation levels of FM members did not increase.

5. The overall FM program and various aspects of it generally received favorable
ratings.

vii




CONCLUSIONS

1.

S

Implementation of FM mnovations aboard ship will result in reduced FM man-
hours expended, improved appearance and cleanliness of ship’s spaces, and in-
creased knowledge and skills in FM procedures.

Implementation of FM innovations will pot result in improved attitude and
motivation of FM team members and overall attitude of the ship’s crew.

Significant savings, in terms of manpower and manpower-related costs, could
accrue if FM concepts used in this study were refined, extended, and imple-
mented in the Fleet.

The approach to sckeduling and managing FM tasks, the training program, and
certain of the FM materials/equipment contributed significantly to the reduc-
tion in FM man-hours expended.

Although the FM team approach is effective, serious motivation problems arise
after personnel are assigned to the team for several months.

RECOMMENDATIONS

1.

A comprehensive information management system, using the Job information
Card format, should be developed and implemented for all FM tasks and all
spaces aboard FF 1052 class ships. In addition, the feasibility of this concept
for other ship types should be investigated.

The audiovisual training program used in this study should be refined and ex-
panded for installation aboard FF 1052 class ships. The applicability of the
program for other ship types should be determined.

A comprehensive test and evaluation of FM equipment/materials which resulted
in reduced FM man-hours should be conducted and specifications established.
Following the evaluation and specification process, the equipage list for FF 1052
class ships should be modified to include an appropriate supply of such items.

A team approach to the performance of shipboard FM should be utilized with
provisions for FM team members to leave the FM team after a temporary
assignment.

A central storage and distribution location for FM equipment/materials should
be established on FF 1052 class ships.

Further studies should be conducted to evaluate innovations in surface prepara-
tion and corrosion control, bilge cleaning and vent/duct cleaning.

Following the implementation of the previous recommendations, a thorough
analysis of savings in manpower should be conducted and recommendations

for reallocation of personnel or reduction of manning levels should be submitted
for implementation in the Fleet.

viii
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INTRODUCTION

BACKGROUND

In September 1972, the Shipboard Manning and Automation Project (SMAP) was
established in response to the Chief of Naval Operations/Vice Chief of Naval Operations
Action Shect Number 333-72. This Action Sheet assigned priority to programs for reduced
shipboard manning (Corder, 1973; Edmondo, 1974), and established a joint fleet/laboratory
team Lo investigate this area. The David W, Taylor Naval Ship Research and Development
Center (DTNSRDC), formerly the Naval Ship Research and Development Center, at Annapolis,
Maryland, was designated the lead laboratory. Other team members are the Navy Personnel
Research and Development Center (NAVPERSRANDCEN), San Diego, California, and the
Destroyer Development Group (COMCRUDESGRUTWO, DESDEVGRU), Charleston, S.C.

The objective of SMAP is to reduce shipboard manning while maintaining or improv-
ing ship readiness and operational cffectiveness,

The project consists of three parts: (1) the CNO Pilot Program for Reduced Bridge
Manning, (2) the Laboratory Development Program, and (3) the Ship Demonstration Pro-
gram (Edmondo, 1974).

The CNO Pilot Program for Reduced Bridge Manning, the first research activity of
SMAP, was completed early in FY 1974. Five reports have been published documenting
the results of that efiort (i.e., COMCRUDESGRU, 1973; Edmondo, Hall, Swartz, & Guilick-
son, 1974; Frogett & Edmondo, 1974; Lane & Schwartz, 1974; NSRDC, undated). The
findings of this research indicated that the number of personnel assigned to bridge watch-
standing could be reduced approximately 50 percent, while still maintaining effective prose-
cution of bridge functions, if procedural, organizational and equipment changes were made
(Edmondo, 1974).

The Laboratory Development Program comprises long-range system development
eftorts which emphasize equipment innovations, Such innovations include an integrated
bridge system (IBS) and a modified engineering control system (MECS) (Edmondo, 1974).

The Ship Demonstration Program, a direct outgrowth of the CNO Pilot Program for

Reduced Bridge Manning, includes studics of innovations in the following areas (Edmondo,
1974, pp. 1-12):

Ship Controlman Concepts

Facilitics Maintenance

Wireless Communications

Administration/Support Concept

Maintenance and Repair by Own Ship and Tenders

Machinery Monitoring

Remote Combat Information Center (CIC) Information Display
Automatic Man Overboard Alarms

Centralized Surveillance and Damage Control Systems

Radio Central Improvements

COXI b Wi —
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The Ship Demonstration Program develops new man-hours red uction concepts for
ships and evaluates the potential for effective manpower utilization by conducting field studies
utilizing operational flect units. The Ship Demonstration Program study described in this re-
port is on shipboard facilities maintenance (FM). Shipboard FM includes thosec activitics per-
formed for purposes of ship preservation, cleanliness, and appearance on non-primary ship-
board systems by ship’s force, i.e., crew members. This definition excludes activities performed
on the basic weaponry, command control and communications systems, mancuvering equip-
ment, and propulsion systems. It includes the tasks of surface preparation, corrosion control,
cleaning, titivation, sanitization, and cosmetic practices.

PROBLEM

FM, as currently performed, at-sea and in-port, by ship’s force, requires a considerable
expenditure of man-hours and material resources, It isestimated that in excess of 1380 man-hours
per week, or approximately 27 man-weeks (i.e., 27 men, working full time) is spent on FM aboard
an FF 1052 class ship.! This represents approximately 11 percent of the man-hours worked
by the total enlisted crew.

Table 1 presents an example of the man-hours allocation, showing the FM workload,
by division, on an FF 1052. The theoretical manning level? for the Deck Division on most
Fi-type ships consists of approximately 35 enlisted personnel, whose responsibilities include
painting, chipping, peeling, scraping, cleaning, washing, scrubbing, dusting, waxing, polishing,
etc. Personnel in other divisions also perform these functions for various assigned spaces.

TABLE 1.

Total FM Workload on an FF 1052
Division FM Man-hours Spent per Week
X 28.01
ol 84.27
oc 57.36
Ist (Deck Division) 383.59
2nd 34.81
AS 93.05
M 127.75
B 64.05
R 144.49
S 369.58
TOTAL 1386.96

1. This estimate is the caleulated FM weekly workload taken from the FF 1052 Ship Manning Document
and is probably too eonservative. In actual practice, FM man-hour expenditures are considered to be higher.

2. Theoretical manning levels refer to what is called for in the Ship Manning Document for the ship class.
Actual ship manning levels are usually lower than those found either in the Ship Manning Deeument or in
the offieial authorization. It should be elear from this and the previous footnote that more FM work is being

done by fewer people than is stated in existing requirements documents. This is not to say thiat the jobs are
getting done satisfactorily.
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The annual personnel cost to the Navy for performing shipboard FM on FF-type

ships is conservatively estimated to be in excess of $330,000m ship. The following method
was used to obtain this estimate:

Given:

SNWS = Standard Navy Work Week at Sea (Nonwatchstanders) = 66 man-hours/wk.
SNWP = Standard Navy Work Week in Port (Nonwatchstanders) = 41 man-hours/wk.
WAS = No. Weeks at Sea for FF 1052 = 32.24 weeks

WIN = No. Weeks in Port for FF 1052 = 19.76 weeks
BC = 1973 Annual Cost of a Boatswains Mate (E3) = $10,661

Assumptions for this analysis

1. No other ship’s work or training for FM personnel.
2. FM personnel are lower-rated nonwatchstanders.
Step 1:

No. of men required for FM =

Total annual FM Time on FF 1052 (incl. 20% productive allowance)
(SNWS) X (WAS) + (SNWP) X (WIN - 4 WEEKS FOR LEAVE)

31 men= 86484 man-hours per year
(66) (32.24) + (41) (1 5.76) hours per year

Step 2:
31 men X BC = annual personnel cost for FM work
31 X 10,661 = $330,491/yr.

While direct personnel costs represent the major portion of FM expenditures, other
significant expenses are incurred, Some of these latter costs, such as costs of consumables,
equipment, and materials for FM, are relatively easy to determine. However, others, such as
costs of generating fresh water for cleaning purposes and maintaining extra personnel aboard
because they are needed to perform FM, are more difficult to estimate,

Even if FM were performed in the most efficient manner with respect to manpower
organization, technical procedures, and use of efficient equipment and materials, it would
continue to represent a significant, albeijt necessary, expense to the Fleet. This author con-

ed efficiently now and that there are a number of specific
with shipboard FM which tend to increase the annual cost

to the Fleet unnecessarily. Several examples of these problems are described below:

1. The personnel performing FM tasks are usual
sufficiently trained nor motivated to
meaningless work.

ly lower-rated men who are neither
perform what they consider (o be menial,
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FM tasks are currently assigned (perhaps misassigned) to people who enlisted

to work in specialty areas, such as electronics maintenance. Yet, during the
carly part of their Navy careers, the majority of their tine is spent doing non-
teclinical work, such as FM. A large percentage of nonreenlistment attrition in
the Navy today is due to a lack of job satisfaction. Part of the job dissatisfaction
is probably due to the disparity between the recruit’s expectations and the
reality of day-to-day shipboard work. The current practice of misassigning FM
work to various would-be specialists probably contributes to their dissatisfaction
and lower their motivation to work and to remain in the Navy (Wheeler & Castle
1973).

Further, the opinion of FM work held by nontechnical specialists who are
assigned this work is that it is demeaning and that personnel who are given
these assignments are considered less important. This, too, contributes to dis-
satisfaction, low motivation, and attrition.

b4
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FM operations are typically scattered throughout the ship, making supervision
difficult.

4.  Since FM equipment or supplies are not centrally located, maintenance and
distribution of this equipment are difficult.

5. FM equipment and materials used does not reflect the more recent advances in
the janitorial services and surface preparation fields. Qutdated methods, equip-
ment, and materials are used for FM.

6.  Ship spaces, particularly on some of the older ships in the Fleet today, have
not been designed to consider FM. For example, overheads on ships are usually
mazes of pipes, wires, and other dust and dirt collecting structures which are
difficult and time-consuming to clean.

7. Standards for appearance and cleanliness have not been defined in sufficient
detail and uniformity to permit proper evaluation and work scheduling. Much
of the FM work done aboard today’s ships is performed for cosmetic purposes,
rather than because of a legitimate technical requirement. Too often, painting
currently performed aboard ship to maintain its appearance makes FM more
difficult and time-consuming in the long run because of poor surface prepara-
tion and an inability to recognize the need for such preparation.’

8. There is no adequate system for supervising shipboard FM or for keeping track
of spaces requiring FM, skills required for various tasks, estimated job time, etc.
Further, there is insufficient technical documentation regarding methods and
techniques for surface preparation, corrosion control, and cleaning operations.
This deficiency is difficult to accept because management information systems

3. If the surface was not adequately prepared prior to the application of paint, the new paint will not ad-
here properly and will blister, crack or otherwise present a poor appearance. Also, possible structural damage,
due to neglect of the substrate, is possible.

R PP



time, increased reliability, more coniidence in equipment).

9. Manuals concerned with preservation of ships are not written so as to be under-

stood and used by the population of personnel who are currently required to
perform the tasks (NAVSHIPS, 1970).

The cumulative results of these problems and deficiencies are that (1) ships deterior-
ate in clcanliness, dppearance, and condition because of low quality FM performance, (2)

(personnel availability), personnel turnover, a

derson & Sells, 1974; La Rocco et al., 1974; Pugh, Gunderson & Dean, 1975), (3) cost to
the Navy is increased, and (4) overall ship combat readiness is decreased.

Numerous attempts have been made to identify and deal with problems associated
with shipboard FM and many “solutions” have been offered. Yet the same problems seem
to recur in the literature with minor variations in phrasing. For example, the report of a

study conducted by the Navy Manpower and Material Analysis Center (1973) as recently
as September 1972 states:

- .. The course of the study developed the conclusions that:

a.  Ineffective and inefficient materials are used in shipboard
cleaning and painting,

b. The availability/accessibility of proper tools to perform FM
tasks effectively is adequate (sic).

There is a lack of scheduling for FM functions to be performed.

There is inadequate preparation of surfaces prior to painting,
There is unnecessary painting of surfaces,

o e e o

Cleaning materials are used for rust removal which is in viola-
tion of NAVSHIPS instructions.

4. Recommendations

4. lmplement the cleaning and painting materials outlined in
Appendix C,

b.  Provide the tools outlined in Appendix B."

¢.  Schedule FM functions, with priorities assigned to each task
to be performed, as indicated im. .4 (p. 1-99)

An earlier study, performed by the Fleet Work Study Group, Atlantic in 1965, states:

- - . analysis of the present cleaning procedures revealed that the required
cleaning tasks had never been accurately measured, resulting in a lack of
work scheduling, organization and effective manpower utilization

nd therefore performance effectiveness (Gun-

G i T
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While investigating the cleaning materials in use, it was determined that
some cleaning agents, such as scouring powder and alkaline soap powder,
are causing pitting and cracking. The cleaning materials and equipment
were found to be outdated, resulting in slow and tedious cleaning pro-
cedures, thus wasting manpower.

Recommendations emanating from such studies include a varicty of individualized
solutions ranging from the use of disposable mess gear and better FM cquipment and mater-
ials to the development of job scheduling aids (FLTWORKSTUDYGRULANT, 1965
NMMAC, 1973; NAVSHIPS, 1969).

The questions may well be asked at this point, “Why, in view of all the technological
developments in the janitorial services and habitability materials fields, do the same problems
continue to be cited in reports? Why aren’t the various ‘solutions’ implemented in the U. S.
Fleet?”

Therc are three easily discernible reasons for the inability to deal effectively with
the reported FM and manpower problems:

1. Approaches used in the FM and habitability studies are, for the most part,
molecular in nature. That is, they tend to deal separately with such items as
decking, bulkhead materials, cleaning equipment, etc. (NAS, undated: NASL,
1969; NAVSHIPS, 1969; Smith, Stanley, & Company, 1969). Generally speak-
ing, these studies fail to consider a variety of important interactions among
the materials, personnel, training, organization, shipboard environmental fea-
tures, and equipment. Unless the research community and the Fleet can comc
to grips with these interactions, the individual problems and solutions (proposcd)

will continue to occupy low and inconsistent positions on the Navy’s priority
scale,

2. Even in those studies which do attempt to consider some of the major inter-
actions, quantitativc (subjective or objective) criteria and standards for evalua-
tion are lacking. As an example, researchers in habitability often speak of im-
proved motivation and efficiency, but rarely attempt to define those terms
such that measurements could be obtained to demonstrate improvements.

3. Research programs rarely have the funding and/or authority to proceed beyond
the work study or conceptual phases into an actual demonstration/test phase
in which environmental controls and operational fleet units are used. Without
demonstration testing, there is a low probability of acceptance by fleet units.

Finally, there is an even greater, perhaps more basic, reason for the continued exist-
ence of the stated FM problems — organizational resistance to change. It is commonly
accepted that system changes, particularly changes affecting human envircnmental conditions,
are difficult, if not impossible, to implement unlcss there is an attitudinal change on the part
of organization managcrs and decision-makers — e.g., people who influence the acquisition
or alteration of fleet units. Further, it is believed that, if attitudes (of managers and decision-
makers) arc to be influenced, there should be:
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I, Widespread recognition of the technical problem

and the financial and opera-
tional impact associated with them.

tJ

A feasible solution or, at least, the promise

(through rescarch and developnient)
of a feasible solution.

3. A channel, within the mana

gement and/or decision-making organization, for
change implementation.

OBJECTIVE

The objective of the current stud

for reducing shipboard FM man-hour e
of ships.

y was to devise, demonstrate, and evaluate methods
xpenditure while improving readiness and condition

The specific goals of the study are:

To decrease the number of man-hours spent doing FM.

To provide cleaner, better looking, better maintained ship spaces and areas.
To improve skill and knowledge of personnel performing FM.

To improve attitude and motivation of FM workers and ship’s crew,

w0 =

The problem of too molecular a vie
three basic aspects of shipboard FM simult
mation management, (2) training and tech
and environmental improvements.

The problem of quantitative standards for evaluation is addressed, as will be seen, in
the design of the instruments used in the current study.

The difficulty of proceeding beyond the conceptiual phase of study to demonstration

field tests has been solved by the establishment of the present program’s funding and author-
ity.

w is addressed in the current study by attacking
ancously: (1) manpower organization and infor-
nical information, and (3) equipment, materials,

At least a partial solution of the greatest diificulty, that of attitudinal change, is the
intent of this report. Its purpose is to create widespread recognition of technical problems
in shipboard FM and The related financial and cperational impact, and to suggest that some
feasible solutions do now exist and can contirue to be created through additional research
and development,

Somewhere in the Navy management and/or decision making organization, it is be-
lieved, a channel for change implementation now exists,
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APPROACH

During this phase of the study, a variety of industrial and military sources were con-
tacted. These sources included cleaning chemicals and materials manufacturers, equipment
manufacturers, professional maintenance organizations, consultants, appropriate Navy and
other government organizations, shipyards, and foreign naval organizations,

One of the most productive consultations was with representatives of the Royal
Navy and the British Ministry of Defense. The entire information mangement system concept
used in this study is based on the ideas which emanated from this interaction (HMS SULTAN
Ship Husbandry Course, 1973, Ministry of Defense, 1972).

After extensive discussion with these and other sources, the specific innovations
suggested were screened in terms of potential manpower savings, feasibility, safety, and
cost. The concepts were then merged to form a design ““package” for demonstration and
cevaluation at-sea. Innovation included in this package fell into three catcgories: (1) Manpower
Organization and Information Management, (2) Training and Technical Information Support,
and (3) FM Equipment, Materials, and Environmental Improvemeats. These categories are
discusscd below,

MANPOWER ORGANIZATION AND INFORMATION MANAGEMENT

The following three concepts formed the basis for innovations in this area:

1. One specialist team could perform all FM more quickly and efficiently than it
is performed using the current personnel assignment methods. Currently, each
division has its own separate FM tasks and spaces. If a division does not have
junior enlisted personnel, rated personnel must take time from their normal
duties to perform FM.

2. Individual FM tasks could be consolidated and grouped according to job type
and space or surface characteristics. The redefined job could then be done more
efficiently by members of the FM team.

3. An information management and task scheduling system, similar to the exist-
ing Planned Maintenance System, could be developed and used to ensure system-
atic accomplishment of the FM work. 1t should be noted that the Royal Navy
has recently introduced this concept on ships with moderate success. For years,
the hotel industry in the United States has also adopted a similar approach.

A prototype ship’s instruction was prepared which provided information regarding
the establishment of the specialist, eight-man, FM 1eam. Team members were to be drawn
from the Deck Division and supervised by the leading Boatswain’s Mate. No watchstanding
responsibilities were to be assigned the team. Overall responsibilities of the organization
were defined, and management and supervisory guidelines were established in considerable
detail.

A prototype management information and task scheduling system was prepared on
the basis of space and FM task analyses. The elements of the system included:
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A Job Information Card (JIC) (Figures 1 and 2) for each consolidated set of
tasks and spaces. JICs were developed for approximately 40% of ship spaces.
No JICs for painting were developed.

A master schedule plan for distribution of JICs to billets.

Instructions for using the system.

The system was to operate as follows:

1.

The work center supervisor, at the beginning of each week, was to determine
which specific JICs were to be used.

2. The supervisor would distribute groups of JICs to the team billets. The indivi-
dual team member receiving a set of JICs would then know exactly which tasks
he had to perform.

3. After completing the task shown on the JIC, the FM team member would re-
cord, on the JIC, the data required and would return the completed form to
the supervisor.

4.  The JICs could then be used to update the master schedule of FM tasks,

NO. TASK LIST OF SPACES MANHOURS | DATE
D-8 |VACUUM/DUST %-2‘71»21 iL 3.1 3/24/75
SPACE/SURFACE TYPE 2:24:():L BILLET . Actual Job
2‘29"0‘[. ASSIGN FT:&“GS
Carpet/Ladders 2-41-0-L 104 To:%
STORES AND EQUIPMENT PROCEDURE
Janitorial dustpan, clean cloths, scrub brush, 1. Pick up all loose trash and put in plastic liner.
trash receptacle liner, GP detergent, detergent 2. Brush/dust doors and hatches.
sanitizer, foxtail, stiff bristled broom, advance 3. Sweep/dust ladders and back plates.
upright vacuum cleaner, carpet stain remover. 4. Brush edges of carpet toward center witls
broom.
5. Pick up solid crusts with scraper,
6. Remove stains.
7. Vacuum eutire area thoroughly.
SAFETY PRECAUTIONS 8. Clean scuttlebutts with detergent sanitizer

instructions on label.

vacuum prior to use.

I. Mix detergent solutions in accordance with
2. Avoid cluttering area with cleaning gear.

3. Avoid eye contact with detergents,

4. Inspect tag and electrical cord and plug of

5. Keep cord clear of machine path.

9.
10.

solution.
Replace plastic liners as required.
Clean and stow gear.

Figure 1. Example of a completed JIC (front).
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REFERENCES

. Training Module #1, Why We Clean.

2. Training Module #3, Cleaning Passageways, Ladders and Related Arcas.

3. NAVMED P-5010-2, Chapter 2, Sanitation of Living Spaces and Related Service Facilities,
Sections 2-1, 2.2, 2-3,2-5 (), 2-3 (), 25 (e).

SPECIAL INFORMATION

Report to supervisor cliipped paint, rust, worn ladder treads, damaged carpet, cigarette chars, holes,

fraying and/or obvious spots of soil or grease which cannot be casily removed. Use remarks section
of this JIC,

REMARKS

Figure 2. Example of a completed JIC (back).

TRAINING AND TECHNICAL INFORMATION SUPPORT

A prototype FM training program was developed for shipboard use, which consists

of 13 audiovisual modules dealing with various aspects of FM. A sample of the training

script used in this program is shown in Appendix A. The modules covered the following
topics;

Why We Clean

Safety in Shipboard Facilitics Maintenance Operations

Use of Sanitation and Facilities Maintenance Chemicals
Care of Facilities Maintenance Equipment

Routine and Periodic Carpet Care

Routine Care of Resilient and Terrazzo Decks

Periodic Care of Resilient and Terrazzo Decks

Routine and Periodic Care of Bulkheads and Overheads
Cleaning the Head and Showers

Cleaning the Galley and Scullery

Cleaning Crew Living Spaces

Cleaning the Mess Decks

Cleaning Passageways, Ladders, Related Areas

B RES 0o ot sw—
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Each training module consists of a set of 35mm slides and a magnetic sound tape
recording. Standard 35mm slide projectors and tape players or synchronized projector/
sound units were used to present the modules,

Most of the modules show, in step-by-step fashion, how to accomplish specific
shipboard FM task. The rest deal with general training, such as safety.

Guidelines for training program administration and attendance recording were pre-
pared for use by the FM team work center supervisor. A technical FM reference package

) was assembled for use by the FM team and supervisor. The package contained equipment

it operating instructions, descriptions of and instructions for using FM chemicals and finishes,
' and an industrially developed handbook.

FM EQUIPMENT/MATERIALS AND ENVIRONMENTAL IMPROVEMENTS

! A variety of recent FM equipment and materials was examined to determine its poten-
tial for labor and cost savings, safety, and effectiveness. The materials and equipment shown
in Table 2 were selected for use in this study, since they represent an improvement over that
currently used aboard ship, supplement existing ship supplies, or represent a new and better

method for performing FM. The items in Table 2 were either purchased or made available on
i loan basis.

TABLE 2.
FM Equipment and Materials Used in the Study

Item Quantity Intended Function
Pressure washer systems 2 Exterior cleaning
Upright vacuum cleaners 2 Carpet vacuuming
Wet vacuum cleaners 2 Vacuuming noncarpetted deck sur-

faces, wet pick-up (after stripping
or washing surfaces), gencral vac-

uuming
Wall cleaning machine ] Washing bulkheads
(pressurized)
Deck scrubbing and 1 Stripping and scrubbing tile, terraz-
buffing machine (nonrotary) 20 and painted deck surfaces
Carpet shampooer 1 Periodic carpet care
Low-pressure sprayer 1 Sanitizing hard-to-reach arcas
Spray unit attachment for 2 Spray buffing
rotary floor machine
| Trash compactor 1 Compacting trash
4
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In addition to the items listed in Table 2, the following materials were purchased:

1. A new type of deck finish and stripper compound for evaluation of a new
concept of maintaining tile and terrazzo decks aboard ship. The finish is a
metallized acrylic or “metal link” finishi, which is soluble in ammonia. When
used in a planned program of deck maintenance utilizing the spray buffing?
or spray burnishing technique, it reportedly extends intervals between deck
finish removal operations considerably.

(S

Six hundred square yards of carpet for installation in such areas as the ward
room, berthing compartments, crew’s lounge, CPO lounge, and some passage-
ways. Previous studies had indicated that carpet care was more economical,
in terms of maintenance man-hours, than care of resilient deck surfaces
(Carpet & Rug Institute, 1969). The present study attempted to evaluate the
advantages and disadvantages of carpetting shipboard spaces.

3. Walk-off mats for installation and evaluation in numerous entranceways
throughout the ship. It was felt that they would decrease soiling and abra-
sion of deck surfaces and thereby reduce carpet and tile maintenance re-
quircments.

4. A variety of supplementa! supplies (e.g., swabs, detergents, brushes, etc.),
Procedures for use or care of the products and materials were developed
and incorporated into the training program JICs and technical references.

DEVELOPMENT OF AN IMPLEMENTATION AND TEST PLAN

A master implementation and test plan (Figure 3) was devised. Extensive coordina-
tion between contractors and the fleet was required to ensure timely and proper installa-
tion. :

STATEMENT OF HYPOTHESES

In accordance with the objective and goals of the present study, the following
hypotheses were established:

1. The implementation of the aforementioned innovations will result in a re-
duction of FM man-hours.

2. Appearance and cleanliness of the spaces maintained by the FM team will
be judged to be adequate or improved.

3. FM team members will demonstrate that their knowledge of FM require-
ments, techniques, materials, and procedures has increased.

4. This technique consists of spraying damaged areas of finish oniy and immediately “burnighing” or buffing over
the fresh spray with a soft pad rotating at high speed.
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4. Attitudes and work motivation of FM team members and overall attitude
of the ships crew will improve,

TEST VARIABLES AND MEASURES

The independent variable used in this study was the entire set of innovations.
Two basic types of comparisons were planned: (1) conditions “before” vs. “after” on
the test ship, and (2) test ship condition vs. control ship(s) condition.
The dependent variables were: (1) FM man-hours, (2) cleanliness and appearance
of shipboard spaces, (3) FM skill and knowledge, and (4) attitude and motivation.
B The mecasures of FM man-hours were:

Estimates of FM task times on control ships.
Estimates of FM task times from documented sources.

Actual recordings of FM task times from completed JICs (Figures 1 and 2).

Comparisons (on the test ship) between subjectively estimated job times be-
fore and after innovations were installed.’

Bowo =

Measures of appearance and cleanliness of spaces consisted of (1) completed inspection
rating forms using subjective scales (Figure 4), and (2) subjective comments elicited
through debriefing questionnaires (Appendix B).

The principal measure of skill and knowledge was a specially designed FM skill
and knowledge test (Appendix C). The test was a two-part multiple choice test. Part A
presented 100 items dealing with major aspects of FM, and Part B, 30 items on special
innovations peculiar to the program, i.e., not general knowledge FM items.

Part A was administered to 36 men in the deck division after the FM team mem-
bers were selected and before the innovations were installed aboard the test ship. The
reliability of Part A was estimated using the Kuder-Richardson formula for estimating
reliability (Guilford, 1956, pp. 454-456). The formula and a summary of the results of
the Kuder-Richardson estimating procedure are shown below:

Kuder-Richardson Formula:

t
o n
et = [ ] R ——
T [TF

where n = number of items in the test
p = proportion (of subjects) passing an item
q=lp

S, Sufficient data on I'M task times prior to innovation could not be collected because the character of many of the

FM tasks under the new system was radically changed, i.c., certain tasks had been grouped to form a new task while
others were broken down into components.
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FACILITES MAINTENANCE
INSPECTION FORM

D In-port D Underway Date:

Space Inspector

Overall Appearance

D Outstanding D Satisfactory D Unsatisfactory

Rating Scale*

Excellent: Unacceptable:
No Maintenance 1 2 3 4 5 6 Comprehensive
Necessary Facilities Mainten-

ance action required

Rating Rating
Bulkhead Buttkits, trash receptacles
Overhead Lighting fixtures ———
Deck Lockers and Furniture R

Urinals, Commodes Scuttlebutts and Dispensing Machines ______

Basins, Mirrors, Showers

Stowage brackets, Rigging Equipment ______

Comments: (Special Problems)  Head needs good field day and attention to detail.

*Rating Scale

The meanings of the scale values are as follows:
Values  Meaning

1 The surface/fixture being rated is clean and well maintained. No facilities main-
tenance work is required.

2,3, Minor routing facilities maintenance is required.
4,5,6  “Field day” or major facilities maintenance is required.

7 Surface renewal is required (paint, new tile, new carpet, grinding and sealing terraz-
20, new non-skid, etc.). The surface cannot be restored through routine or periodic
facilities maintenance, e.g., it is not cleanable.

Figure 4. FM Inspection Rating Form.
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o2 . . . . .
and the numerator, Tt - 2Zpq,is the sum of the con» ariance terms in the summation of item
variances and covariances used to express the total test variance, or

2Zr; VPig;Pya; , where pi = p,, Pp * * ¢ p,inturn and

i = correlation between item i and item j where j > i.

Epiqi = 18.98
2 EI’U \/piqiquj = 28.60
"f =76.187

As shown above, the test reliability was estimated at .758. Thus, Part A was subsequently
Jjudged as adequate for use in the study. In other words, it was felt that it was a reliable
device. Test validity, in the statistical sense, could not be determined since no external
quantitative criteria were available. However, Part A appeared to have high face validity in
that all items therein dealt directly with cleaning or housekeeping procedures, equipment,
or materials.

The reliability estimation for Part B resulted in a test reliability of close to zero.
Thus, this part was not judged to be a useful instrument in the quantitative estimation of
program effects on skill/knowledge. Additionally, due to practical constraints, Part B could
not be administered to the same populations regularly. Consequently, no analysis of Part
B scores was feasible.

In addition to the skill/knowledge test, comments concerning team skill/know-
ledge were clicited by interviews and debriefing questionnaires (Appendix B).

Measures of attitude and motivation were collected using a modified questionnaire
designed for a related program study (Sniffin, 1975). The questionnaire was based on an
expectancy model of work motivation and is presented in Appendix D.

Additional measures of attitude consisted of selected questions appearing in the
debriefing questionnaire (Appendix B)

TEST SHIP DESIGNATION AND EQUIPMENT INSTALLATION

Once the implementation and test plan had been devised, COMCRUDESLANT
was informed of the plan and, through the fleet liaison function performed by DESDEVGRU,
USS TRIPPE (FF 1075) was designated for participation in the study. The Commanding
Officer and staff of TRIPPE received briefings concerning the program objectives, planned
innovations, and data collection activities that would take place.

The FM equipment and materials were placed aboard ship. The carpetting, walk-
off mats, pressurc washer pumps, and trash compactor were installed by contractors.

Following a program orientation briefing, the skill/knowledge and attitude and
motivation tests (Appendices C and D) were administered to members of the Deck Division.
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The eight enlisted men (either nonrated seamen (SN) or Seaman Apprentices (SA) ) selected
and assigned to the FM team received initial training in the use and maintenance of the new
equipment and materials. Responsibilities of the team and the new concepts of FM manage-
ment, training, and opcration were discussed with the team and the team supervisors. Data
collection responsibilities (for man-hour recording, space inspections and training attendance)
were delineated. 1t should be noted that, due to replacements, sickness, or personnel trans-
fer, a total of 12 men served as FM team members during various phases of the study. Only
six served as team members during the cntire study period.

DEPLOYMENT AND DATA COLLECTION

The test ship deployed for 6 months.

Task time data were collected daily for the deployment period. Completed JICs
were turned in to the work center supervisor (leading Boatswain’s Mate Chief) who retained
them for pickup by data collection personnel.

Space inspections were made periodically by officers and the work center super-
visor. FM inspection forms (Figure 4) were completed and returned to DESDEVGRU per-
sonnel. Approximately threc such forms were collected during the period of deployment.
Training records were maintained by the work center supervisor, who recorded the dates
each team member attended training sessions.

The test ship was boarded by a data collection team approximately midway
through the deployment period. Skill/knowledge and attitude/motivation tests were re-
administered at that time. Several interviews regarding the progress of the study and effects
of the innovations were also conducted.

Towards the end of the deployment period (after the test ship had returned to
port), final administration of skill/knowledge and attitude/motivation tests was performed.
Additionally, debriefing interviews and questionnaires (Appendix B) were administered.

Data for comparison (control) purposes were collected on other FF 1052 class
ships, including but not limited to USS BLAKELY (FF 1072),USS BROWN (FF 1089),
USS HEWES (FF 1078), USS BOWEN (FF 1079), and USS PHARRIS (FF 1094). These
data comprised estimates of task times and judgments of cleanliness and appearance of ship-
board spaces. However, since the raters evaluating the control ships for comparison pur-
poscs with the test ship were not the same as those who had submitted the overwhelming
mujority of ratings aboard the test ship, no direct quantitative comparison was judged feasi-
ble in the analysis or interpretation of results.

A similar problem occurred with respect to task time data aboard the control
ships. Completed JICs for these were not available since the ships were not using the infor-
mation management system. Instead, observers interviewed shipboard FM personnel to
determine the amount of time spent on certain task aggregates. Thus, interview results
could not serve as direct comparisons of FM task times in the analysis. These latter data are
nevertheless considered useful and will be discussed later.

The raw data for the entire study was examined and analyzed. The next section
presents the results. (A report concerning this study was also issued by COMCRUDESGRU
TWO/DESDEVGRU in November 1975).
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RESULTS AND DISCUSSION

REDUCTION IN FM MANHOURS EXPENDED
COMPARISON OF TEST SHIP AND SHIP MANNING DOCUMENT DATA

Table 1 indicates that, according to the FF 1052 Ship Manning Document (SMD),
Ist Division personnel spend an average of 383.6 man-hours/week performing FM. This
figure is based on work sampling studies and does not relate the time estimate to specific
FM tasks. However, each ship has, in its own organization and regulations manual, a cleaning
and maintenance bill which assigns to each division specific FM responsibilities. Tables 3
and 4 show a typical assignment of such responsibilities for an FF 1052. It is assumed, for
purposes of the following analysis only, that the SMD weekly FM average (383.6 man-hours
/week) is required by the 1st Division to clean and maintain the assigned spaces and areas
in Tables 3 and 4.

The FM team aboard the test ship performed 2175 FM actions during the deploy-
ment period. The average time per action was 2.4 man-hours.

TABLE 3.

Hull Interior — 1st Division Assignments
Compartment Name
01-101-1-A Boat and deck gear locker
01-118-1-A Fueling gear locker
1-54.2-.L Passage
1-54-3-L Passage
1-67-1-Q F. M. Jumper Station #1 (to clean)
1-784 Rain clothes locker
1-83-2-L Passage
1-874-Q F. M. Jumper Station %2 (to clean)
1-954.L Passage
1-103-3-Q F. M. Jumper Station #3 {to clean)
1-105-1-L Passage
1-105-2.L Passage
1-118-2 Cleaning gear locker
1-121-0-L Passage, aft of frame 133
1-125-1-A Issue room paint mix
1-1330-A Bosn. diving gear storeroom
1-133-2-Q F. M. Jumper Station #4 (to clean)
1-139-1-.L 00D Station
1-139-2.L 00D Station
1-138-0 Rain clothes locker
1-141-2-L Passage
1-1414-A Deck gear locker
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TABLE 3 - Continued

1-144-1-A Mooring towing gear room

2-1-0-A Boatswain storcroom

2-50-E Windlass

2-29-0-L Crew living space

2-47-0-L Crew WR, WC: Forward Decon

2-67-3-L Pussage

2-79-1-L Passage

2-79-2-L Passage

2-95-01-L Passage

3-5-0-K Flammable liquids storeroom

4-11-0-Q Chain locker

5-147-1-A Spl. clothing storeroom

TABLE 4.

Hull Exterior — Division Assignments

Division Area

Ist Sides and superstructure, main deck and below

Ground Tackle

Boats and davits

01 level weather decks

Exterior surface, cxcept as specifically assigned
elsewhere

2nd Mount 51
MK 68 Director and pedestal
ASROC Launcher
Forward face of ASROC Magazine (up to bridge windows)
Torpedo handling and launching equipment

3rd BT hoist
Hydrophone boom
TMK 6 winch and housing

ocC Mack (gray areas only)
Secondary Conn and horizontal surfaces of after deck
house 02 level
Communications Antennas

oT All antennas & platforms except communications antennas
Mack (black areas only)
M Topside remote valve fittings

Topside shore power connections
S Ship’s bell
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The product ol the average time peraction and the number of actions represents the total
amount of time (in man-hours) spent on FM by the team, i.c., 2175 actions X 2.4 mun-
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